The reactions between o-vanillin and three isomeric aminopyridines lead to imines of diverse spatial conformation and reactivity. The direct products of these simple reactions carried out in methanol are either imine compounds formed in the reactions of 2-amino-and 3-aminopyridine with o-vanillin or the α-aminoether formed in the reaction of o-vanillin with 4-aminopyridine. The Schiff-type derivative of 4-aminopyridine and o-vanillin, which is described in this paper for the first time, is very reactive and can only be obtained indirectly from the α-aminoether in anhydrous conditions. All compounds are characterized by X-ray diffraction and FT-IR and NMR spectroscopies. The DFT calculations at all-electron BLYP/Q4ZP level of theory are utilized to explain the differences between the reactivity of isomeric aminopyridines and their imine derivatives.
Introduction
Aminopyridines (APs) have a variety of applications and potential uses. Regarding chemical synthesis, they are important building blocks in the synthesis of heterocyclic compounds such as azaindoles and imidazopyridines [1] . They have been applied as ligands or ligand precursors in metal-organic catalytic systems [1] [2] [3] , discrete or oligonuclear metal complexes, metal clusters, and metal-organic frameworks (MOFs) [e.g., [4] [5] [6] [7] [8] [9] [10] [11] . In the field of medicine 4-aminopyridine (4AP), i.e., fampridine or dalfampridine (marketed as Fampyra® or Ampyra®) is used in the treatment of multiple sclerosis (MS) as it was shown to improve motor function of MS patients [12] [13] [14] . This improvement is associated with the ability of 4AP and also other aminopyridines to block potassium channels [15] [16] [17] [18] . It is usually presumed that the aminopyridines exert their blocking activity in the protonated form [e.g., 16 ], but quite counter-intuitively, the potencies of aminopyridines seem to be unrelated to their pK a values which are determined as 9.18 (4AP), 6 .03 (3AP), and 6.71 (2AP) [19] . 4AP was also proved to participate in the formation of very strong hydrogen bonds, which is a rare case for nitrogen compounds [20, 21] .
Quite recently, aminopyridine complexes with nitrophenol were reported to possess good optical properties, thermal stability, and suitability for optoelectronic devices [22, 23] .
The primary goal of our studies was to utilize the three isomeric aminopyridines (APs) as precursors to a series of imino compounds with the chelating or bridging properties towards metal ions. We expected that the position of the pyridine nitrogen with respect to the imine functionality within the synthesized imines will allow to obtain metal complexes of diverse character-either molecular or polymeric. We therefore repeated the known reactions between the 2-and 3-aminopyridines and o-vanillin (OV) in methanol and applied the same conditions for the reaction of 4-aminopyridine with ovanillin. As described previously, 2AP and 3AP reacted with OV to produce typical Schiff compounds [24, 25] . However, quite unexpectedly, the reaction between 4AP and OV that has not been earlier reported in the literature led exclusively to hemiaminal ether or undefined polymeric products. In the last few years, direct formation of aminoethers was observed for the reactions of pyridyl aldehydes and/or pyridylamines, but these reactions were usually performed in the presence of metal cations and the products were isolated as metal complexes [26] [27] [28] . Formation of hemiaminal ethers was also observed in the presence of molecular sieves [29] . Quite recently, the formation of stable hemiaminals was also described for the reactions of substituted 4-amine-1,2,4-triazoles [30] [31] [32] and 2-aminopyrimidine [33] with benzaldehydes.
In this paper, we report unassisted formation and isolation of aminoether from 4AP and OV in methanol driven by a particular reactivity of imine formed from OV and 4AP, and we try to explain this special chemical behavior with the use of DFT calculations. Complete crystallographic, FT-IR, and NMR data for the isolated compounds are reported to illustrate structural features and chemical behavior of the studied compounds.
Experimental

Synthetic procedures-general
Methanol, 2-hydroxy-3-methoxybenzaldehyde (o-vanillin, OV), and aminopyridines (APs) were purchased from commercial sources.
Compounds 1-4 were prepared by mixing metanolic solution (100 ml) of o-vanillin (6.08 g, 40 mmol) with equimolar amount of 2AP, 3AP, or 4AP (3.76 g, 40 mmol) in methanol (50 ml). The reaction mixtures were heated under reflux for 1 h and subjected to the procedures described below.
Compound 5 was obtained from compound 4 by the procedure described below.
Copies of NMR spectra for 1-5 are provided as Supplementary Materials. Observed FT-IR bands and their assignments are found in Supplementary Materials as Table 1S and Figs. 1S-5S. 2-Methoxy-6-(E-2-pyridyliminomethyl)-phenol 1, crystallized after 1 day at room temperature as reddish orange needles (4.77 2-Methoxy-6-(Z-3-pyridyliminomethyl)-phenol 2, crystallized as orange needles immediately after cooling of the reaction mixture to room temperature (7.82 
Physical measurements
Infrared transmission spectra of crystalline products were recorded using Nicolet iS50 FT-IR spectrometer equipped with the Specac Quest single-reflection diamond attenuated total reflectance (ATR) accessory. Spectral analysis was controlled by the OMNIC software package. The 1 H and 13 C NMR spectra were obtained in DMSO-d6 with a Bruker Avance III HD 400 MHz spectrometer using standard pulse sequences. Solution electronic spectra were recorded on a Unicam SP300 spectrometer. The elemental CHNS analyses were performed on an Carlo Erba Elemental Analyzer EA 1108. The melting points of the compounds were determined on an SMP3 apparatus (Stuart Scientific, UK).
X-ray crystallography
Single crystal X-ray diffraction data of compounds 1, 2, 3, and 5 were collected on a Stoe IPDS-2T diffractometer with graphite-monochromated Mo-Kα radiation; crystals were cooled using a Cryostream 800 open flow nitrogen cryostat (Oxford Cryosystems). Data collection and image processing were performed with X-Area 1.75 [34] . Intensity data were scaled with LANA (part of X-Area) in order to minimize differences of intensities of symmetry-equivalent reflections (multi-scan method).
Structures were solved by direct methods, and all nonhydrogen atoms were refined with anisotropic thermal parameters by full-matrix least squares procedure based on F2 using the SHELX-2014 program package [35] . The Olex [36] and Wingx [37] program suites were used to prepare the final versions of cif files. Olex was also used to prepare the figures. Hydrogen atoms were usually refined using isotropic model with U iso (H) values fixed to be 1.5 times U eq of C atoms for -CH 3 or 1.2 times U eq for -CH 2 and -CH groups. Disordered molecule of methanol present in the crystals of compound 3 was removed from the final solution using program PLATON, function SQUEEZE [38] . Flack parameter was calculated as described in [39] . Crystal parameters and refinement details are collected in Table 1 .
Crystallographic data for the structural analysis has been deposited with the Cambridge Crystallographic Data Center, Nos. CCDC 1536273 (1), CCDC 1536274 (2), CCDC 1536275 (3), and CCDC 1546514 (5 
Computational details
DFT calculations were performed using ADF program (ver. 2014.01) [40] [41] [42] with GGA BLYP XC potential and allelectron QZ4P basis in SCF model as implemented in ADF [43] [44] [45] [46] in vacuum conditions. X-ray structures of 1, 2, and 5 were used as starting geometries yielding optimized structures denoted 1, 2, and 5a. Optimized geometry of 5b (conformer of 5a) was obtained from the optimized geometry of 2 with the changed position of nitrogen atom and subsequent optimization. Hirshfeld surfaces [47] for both compounds were calculated using CrystalExplorer (version 3.1). [48] . Mayer bond orders, dipole moments, and Bader charges were calculated with the use of procedures implemented in ADF.
Results and discussion
Syntheses
Initially, we repeated the syntheses of two typical benzylideneanilines from 2-AP, 3-AP, and o-vanillin: 2-methoxy-6-(2-pyridyliminomethyl)-phenol 1 and 2-methoxy-6-(3-pyridylimino-methyl)phenol 2 (Scheme 1). Both compounds were reported earlier, but in the case of 1, molecular structure was not determined [24] contrary to 2, which was characterized exclusively by X-ray diffraction [25] . We have replaced ethanol [as described in 24] by methanol; however, this was not a matter of deliberate action-we did not expect any differences in the course of reaction, and indeed 2-AP and 3-AP reacted as described before.
The reaction between 4-aminopyridine and o-vanillin performed in the comparable conditions instead of the expected imine led to a different crystalline product-hemiaminal ether 3 (Scheme 1). Compound 3 was obviously the result of addition of methanol to the double bond of the imine present in the methanolic solution of OVand 4-AP. The apparent conclusion was supported by the orange color of the solution of OVand 4-AP-whereas isolated crystalline compound 3 was pale yellow. NMR spectra of 3 in DMSO-d6 confirmed the presence of imine bond in the solution (see BNMR spectroscopy^). We decided to remove methanol from the solution of OV and 4-AP to force the formation of imine. The solvent was removed in vacuum conditions, and in this way, we obtained darkorange and viscous oil 4 that probably contained the imine compound and water strongly connected to it as confirmed by FT-IR spectra and the results of elemental analysis. We were unable to determine the character of the imine-water complex 4 experimentally. In time, the oil solidified, which indicated further polycondensation or polymerization of the imine. Out of common laboratory solvents, compound 4 was soluble only in DMSO and the NMR spectra of this solution indicated complicated equilibrium mixture. The NMR spectra of all compounds are presented in Supplementary Materials.
Finally, we synthesized the desired imine compound 5 by the removal of methanol from the solid 3 in vacuum conditions. In this way, we obtained yellowish-gray powder that was recrystallized from toluene dried over Na/K to avoid addition of water to the newly formed imine bond. The results of elemental analysis and NMR spectroscopy suggested that we obtained pure imine and the molecular structure determined with the use of X-ray diffraction for the colorless (!) crystals confirmed the first-time isolation of 2-methoxy-6-(4-pyridyliminomethyl)phenol, 5. Without the protective argon or nitrogen atmosphere, this reactive compound quickly decomposes.
Interestingly, the reaction between the OV and 4AP in ethanol has not been mentioned in the literature so far. We performed the reaction in ethanol, but unlike in the reaction carried out in methanol, we did not obtain crystalline product-neither imine nor aminoether. However, the respective imine probably formed in solution as proved by the change in the color of the solution. We further analyze the reactions 
Crystal structures
Crystal parameters and refinement details are collected in Table 1 . Molecular structures of imines 1, 2, and 5 are overlayed in Fig. 1 and additionally presented as Fig. 6Sa-c Fig. 2. Bond lengths in 1, 2, 3 , and 5 are collected in Table 2S .
Compounds
The crystal structure of 2 is a low-temperature redetermination of data described previously [25] . The crystal system, in which the compound 2 crystallized, did not change in the low temperature of the measurement, but size of the unit cell was reduced along with the decrease of bond lengths and intermolecular distances, typical of low temperature measurements (Table 1 ) [49] .
The length of azomethine bond is similar for two Schiff bases: 1.287(3) Å in 1 and 1.286(3) Å in 2. This bond is shorter by ca. 0.1 Å for compound 5 (1.276(3) Å). It is observed that along with the migration of nitrogen within the pyridyl substituent, the molecules of imines 1, 2, and 5 become non-planar, which is caused by rotation of the aminopyridine ring about the imine C1-N1 bond with respect to the plane of the vanillin residue. The angle of rotation is 6°, 31.5°, and 74°in 1, 2, and 5, respectively (Fig. 1) .
In a series of similar compounds, the driving force for this distortion was previously ascribed to steric interference between the ortho-hydrogen of the aniline ring and the hydrogen of the Schiff-base linkage [50] . However, we point out that this is not the only reason since in our series, the steric interference in 2 and 5 is similar, yet the degree of rotation is very different.
Due to the large twist in 5, the π systems of aromatic rings are no longer conjugated via the imine bond, and consequently, the crystals of 5 are colorless, whereas 1 and 2 are orange.
The molecular structures of Schiff compounds 1 and 2 were solved as enol-imine tautomers, as concluded from their short C1 = N1 (1.276(3)-1.287(3) Å) and relatively long C3-O1 (1.348(3) and 1.353(2) Å) bonds. The relevant distance C ar -O in keto-amine tautomers is approx. 1.29 Å as analyzed in ref. [51] . Because of the peculiar arrangement of atoms in 5, formation of keto-amine tautomer is not possible.
The C-N bond in α-aminoether 3 has length of 1.408(6) Å, which is obviously a distance of a single bond, and aromatic rings are nearly perpendicularly oriented (86°) as in 5.
Both 2-amino-and 3-aminopyridine rings may condensate with o-vanillin to two different isomers: Z and E. As a result of the reactions, we obtained E isomer of 1 and Z isomer of 2. Compound 3, which has a chirality center at C1 crystallized as R enantiomer.
All compounds form hydrogen bonds. The illustrations and geometrical parameters of hydrogen bonds are presented in Fig. 3 and in the Supporting information as Figs. 6Sa, 6Sb, 7S, and 8S and Table 3S . There are intramolecular hydrogen bonds O-H···N=C in structures of compounds 1 and 2 indicated as dashed lines in Fig. 6Sa, b . These intramolecular hydrogen bonds do not occur in structures 3 and 5, which is an important factor regarding the increased reactivity of imine 5 as will be discussed later. In crystals of 3 and 5, the intramolecular hydrogen bonds are replaced by intermolecular interactions. Both compounds feature hydrogen bonds between hydroxyl group of o-vanillin ring and heterocyclic nitrogen atom of the adjacent molecule (red spot in Fig. 3c, d,  Fig. 7S ). In this way, in crystals of 3 and 5 1D hydrogenbonded chains are formed that are absent in 1 and 2. It is worth to recall the fact that pyridine nitrogen of 4AP is the best acceptor of proton among the three isomeric APs with pK a Fig. 2 Molecular structure of compound 3. Thermal ellipsoids at 50% probability level Fig. 1 Overlay of molecular structures of compounds: 1 (red), 2 (blue), and 5 (gray). Thermal ellipsoids at 30% probability level. Hydrogen atoms removed values equal 9.18, 6.03, and 6.71 for 4AP, 3AP, and 2AP, respectively [19] . The intermolecular interactions in crystals of 1 and 2 include weaker C-H···O between aromatic C-H hydrogen atoms of one molecule and oxygen atoms of hydroxyl (in 1) or methoxyl (in 2) groups of the other molecule (red spots in Fig. 3a, b) .
Additionally, neighboring imine molecules 1, 2, and 5 interact by π···π and C-H···π contacts as illustrated in Fig. 8S . In 1 aromatic pirydyl rings interact with imine bonds creating tile-like structure in crystallographic bc plane (Fig. 8Sa) . In crystals of imine 2, C6-H6···π interactions form a layer parallel to ac plane (Fig. 8Sb) . Adjacent layers of molecules of compound 5 are connected by C-H···π interactions (Fig. 8Sc) .
The crystal packings strongly influence the FT-IR spectra discussed in the next chapter.
FT-IR spectroscopy
FT-IR spectra of Schiff bases 1, 2, and 5 and α-aminoether 3 showed medium to strong bands in the range 1607-1639 cm −1 which are specific for azomethine >C=N bonds and pyridyl rings [52] . These bands are red-shifted compared to the characteristic bands present in parental aminopyridines shown in . The same band is localized at 1249 cm −1 in o-vanillin spectra.
Stretching vibration of O-H is not visible in the FT-IR spectra of both the substrate (o-vanillin
) and 1 and 2, which is often the case for hydroxyl groups that participate in the formation of intramolecular hydrogen bonds (Figs. 1S and 2S) [53, 54] . The ν O-H modes present in the spectra of 3 and 4 in the range are due to the presence of methanol in crystals of 3 or water molecules in 4.
There are very broad bands 2800-2400 cm −1 in the spectra of 3 and 5 (Figs. 3S and 5S) that indicate the delocalization of phenolic protons between the phenol OH and pyridine nitrogen of the adjacent molecule. Such an effect is often connected with the formation of hydrogen-bonded chains as described in the literature [55] [56] [57] ; the 1-D HB chains formed by 3 and 5 are illustrated in Fig. 7S . FT-IR bands observed for 1-5 and their assignments supported by DFT calculations are found in Supplementary Materials as Table 1S and Figs 1S-5S.
NMR spectroscopy
The analysis of 1 H NMR, 13 C NMR as well as HMBC and HMQC NMR spectra of 1, 2, 3, and 5 dissolved in DMSO-d6 allowed the unambiguous assignment of all proton and carbon signals.
The results of NMR experiments prove that in the solution, the solid state structures of imines 1, 2, and 5 are basically preserved. Characteristic Aminoether 3 when dissolved in DMSO-d6 begins to convert into imine 5. It is obvious both from the orange color of the solution and NMR signals, which are very similar to the pattern detected for 1, 2, and 5 ( Table 2) . (6H)-both originating from the presence of methanol in the solution. No coupling of OC14H 3 with the C1 carbon was observed in 2D HMBC, whereas 2D COSY shows correlation only between OC14H 3 and the OH CH3OH proton indicative of the exclusive presence of Bfree^methanol in the solution. The integration of signals confirms the conclusion.
The NMR spectra of the oil 4 remaining after the removal of methanol from the mixture of OV and 4-AP are not that unambiguous. Signals are very broad showing the dynamic character of the studied system. The oil dissolves only in DMSO; therefore, low-temperature studies were not possible. We think that 3 is partially polymerized or condensed imine or aminoalcohol resulting from the addition of water to the imine bond. All NMR spectra are presented in the Supplementary Materials.
UV-vis spectroscopy
The UV-Vis spectra of 1, 2, and 3 are shown in Fig. 5 . In the UV-Vis spectrum of 1 in methanol, the major band is observed at λ max = 312 nm with two shoulders at 351 and 280 nm. In the spectrum of methanolic solution of 2, this major band is slightly shifted towards lower wavelengths (~302 nm) and the shoulder band, which was observed in 1 at 280 nm that is now at 284 nm and has an intensity equal to the band at 302 nm. The spectrum of 3 in methanol features an entirely new band at 252 nm, the band at 280 nm is less intense, and the band at~300 nm is now a poorly resolved shoulder. It can be concluded, both from the presented comparison and the Xray experimental data, that for 1, the imine is a dominating form in methanolic solution, whereas in the case of 3, imine is a minor component of the equilibrium mixture. Interestingly in the UV-Vis spectrum of 2, the ratio of the intensities of bands at~302 and 280 nm is changed compared to the spectrum of 1, but we do not observe the formation of the new band (252 nm) associated with the presence of aminoether.
We also measured the spectra of 3 in MeOH, in DMSO and in EtOH. In our opinion, the spectra in solvents other than MeOH indicate the formation of imine 5 and its subsequent decomposition (Fig. 5, right side) . In methanol, the equilibrium is shifted towards the formation of aminoether and this prevents further transformations of the reactive imine 5.
DFT calculations
DFT calculations were performed to explain the facilitated addition of methanol to the imine bond of 4-aminopyridine derivative 5. We sought for the differences in Gibbs free energies of formation (ΔG f ), Mayer bond orders (MBO), dipole moments, Bader charges, and energies of frontier orbitals of Schiff bases 1, 2, and 5 and their keto-amine tautomers: oxo1, oxo2, and oxo5b (viz. Scheme 2). In the case of compound 5, we performed the optimization both for the conformation that Scheme 2 Tautomeric forms of 1 (oxo1), 2 (oxo2), and 5b (oxo5b). Numbering in pyridyl ring as in Scheme 2 was found in the crystal structure, which is denoted by 5a and for the conformation similar to 1 and 2 that is likely to exist in the solution, which is denoted by 5b (Scheme 2). The values of ΔG of formation of Schiff bases in both tautomeric forms collected in Table 3 were calculated as differences between sum of free energies of the products and sum of free energies of the substrates via Eq. 1:
The detailed values of energies, free energies, and their components (including ZPEs), for all substances participating in the reactions, can be found in Supplementary Materials as Table 4S .
For the formation of imines, the following equations were considered:
Regarding the values of ΔG f , compound 2 is the most thermodynamically stable imine (ΔG f = − 2.95 kcal mol −1 ); however, taking into account the absolute values of energies (Table 3) , we see that out of three isomers 1, 2, and 5a/5b, the energy and free energy of 1 is the lowest.
Comparing ΔG f of Schiff bases 5a and 5b, we find that the first value is positive and second one is negative. The difference between the free energies of 5a and 5b must be attributed to the absence of intramolecular hydrogen bond in 5a-we clearly observe that the formation of this intramolecular interaction determines whether the reaction is spontaneous or not. In other words, the formation of intramolecular HB is an important factor (driving force) of the formation of imine. Yet, at the same time, we know that the intramolecular HB in 5b must be relatively easily broken and replaced by the intermolecular interactions as indicated by the crystal structure of 5. On the basis of comparison of G f values for 5a and 5b, the energy of intramolecular hydrogen bond in 5b can be estimated as 3.94 kcal mol 
Another important observation is connected with the free energies of keto-amino tautomers oxo1, oxo2, and oxo5b. We found out that with the migration of nitrogen in pyridyl ring, the energies of these tautomers increase, and only for imine 1, the energies of both tautomeric forms enol/imino and keto/ amino are comparable. This discovery, together with the previous experimental observations, indicates that imine 1 is stabilized by the resonance-assisted hydrogen bond (RAHB), whereas imine 5 is not, or at least not as well stabilized. The keto-imino form oxo5b is substantially higher in energy (+ 4.41 kcal mol ) with regard to enol/imino form 5b. This is probably the most important factor underlying the increased Table 3 Calculated Gibbs free energies G f and standard free energies of formation ΔG f of the obtained compounds 1, 2, 3, and 5 and their respective keto-amino forms oxo1, oxo2, and oxo5b. ΔG of 1, 2, 5a, and 5b calculated from Eq. 1. DFT calculations at GGA-BLYP/QZ4P level of theory The above thesis is further supported by X-ray geometrical parameters of hydrogen bonds-the shortest HB in found 1 (Table 3S) . Moreover, the results of FT-IR also indicate the delocalization of proton engaged in the formation of intramolecular HB in 1 and 2 since the ν OH mode is not visible in the FT-IR spectra of these compounds (Figs. 1S and 2S) .
More information about the studied molecules is provided by the their (calculated) properties such as dipole moments and Bader charges. These properties are collected in Tables 4 and 5 . The most important feature with regard to the reactivity is the dipole moment, which is largest for 5 both as 5a and 5b. Moreover, the twist of the rings that converts conformer 5b into 5a generates a large increase in the dipole moment-from 4.38 to 7.38. The difference in the polarity of the molecules is especially large between 1 and the remaining two isomers-please refer to Fig. 9S illustrating the vectors of dipole moments of 1, 2, 5a, and 5b.
The calculated Mayer bond orders of C1-N1 bonds in 1, 2, 3, 5a, and 5b and their tautomeric forms oxo1, oxo2, and oxo5b are comparable. Values lower than 2 suggest that electrons are delocalized into conjugated aromatic systems of the substituents. Likewise, electron delocalization explains bond orders of C1-N1 bond in keto-amino forms; they are close to 1.4 instead of 1. No substantial discrepancies between the isomers are observed. The bond order of C1-N1 in α-aminoether is less than 1 indicating a weak character of this covalent bond.
Nucleophilic addition of methanol to the imine bond begins with the attack of methanol oxygen at the positively charged atom of carbon C1 within the imine bond. Calculations show that imine carbon C1 in 5, regardless the form 5a or 5b, bears the highest positive Bader charge. The differences between the Bader charges of imine carbon (C1 imine ) and nitrogen (N1 imine ) denoted as Δq are similar (1.633-1.652) for the investigated imines-a slight increase in polarity of C1-N1 is observed for the following sequence: 1 < 2 < 5b < 5a (Table 5) .
Finally, we analyzed the energies of frontier orbitals in 1, 2, 5a, and 5b, which are illustrated in Fig. 6 . Orbital HOMO in 5a and 5b is stabilized compared to 1 and 2. At the same time, LUMO in 5a is a high energy orbital in comparison to LUMO in 1 or 2 and HOMO-LUMO separation in 5a is the largest among the examined imines-in accordance with its color or rather lack of color. It means that the form of 5 found in crystals, i.e., 5a, is not expected to exhibit increased reactivity towards nucleophilic addition of methanol, which is a hard base (low-lying HOMO orbitals). Contrary, LUMO in 5b has lowest energy among the LUMO orbitals of considered isomers, increasing the probability of nucleophilic attack. Altogether, the results confirm observation that form 5b occurs in solution, in agreement with the orange color of the solutions of 5 and the reactivity of the compound.
Summary and conclusions
The reactions of o-vanillin with isomeric aminopyridines (APs) lead to imines of diverse spatial arrangement of atoms and distinct reactivity. Whereas derivatives of 2AP and 3AP are isolable, crystalline compounds, imine obtained from 4AP immediately enters the subsequent reactions such as addition of nucleophile to the imine bond or polymerization/condensation. The isolation of this imine requires anhydrous conditions and has not been achieved before. Moreover, the conformer present in solution is different from the conformer that crystallizes. As shown by DFT calculations, the increased reactivity of the imine derived from OV and 4AP can be explained by the increased polarity of the imine bond and most importantly by the destabilization of intramolecular resonance-assisted hydrogen bond (RAHB), which protects the remaining isomers against the attack of nucleophiles.
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